Introduction
Mn(III) complexes stable in aqueous solution as well as in the solid state are rare [1] [2] [3] [4] [5] [6] . The complexes that we have synthesised are tris-(pyridine-2-carboxylato)manganese(III), (A), bis-(pyridine-2,6-dicarboxylato)manganese(III), (B) and bis-(pyridine-2,4,6-tricarboxylato)manganese(III), (C). Electronic and IR spectral characteristics along with elemental analyses and room temperature magnetic susceptibility data have been utilised to arrive at the possible ligand environment and the oxidation state of manganese. The -f-3 state of manganese has been established by oxidimetric methods using both acidified potassium iodide and standard Möhr salt solutions. Room tempera tine magnetic moments of all these chelates lie within the range of 3.90 to 4.00 B.M. and are characteristic of Mn(III) in an octahedral donor environment. Electronic absorption spectra of these chelates exhibit a broad band around 15,990-19,850 cm -1 indicative of the presence of Mn(III) in an octahedral ligand field. The IR spectrum of the first chelate shows evidences of the presence of only coordinated carboxylate moieties and of lattice water, while in the spectra of the other chelates, characteristic bands of both coordinated and uncoordinated carboxyl groups are present along with those of lattice water.
Experimental

Reagents and chemicals
All chemicals used were ofA.R., B.D.H. grade or of equivalent quality. Mn(III) acetate was prepared by the standard method.
Preparation of the complexes
The complexes were prepared by the following two different procedures:
(i) Freshly precipitated manganese dioxide was warmed with an aqueous solution of excess pyridine carboxylic acids with vigorous stirring and filtered through a sintered glass funnel. The scarlet-red solution deposited red/reddish brown/brown crystals on cooling.
(ii) Finely powdered Mn(III) acetate was added to a warm concentrated aqueous solution of pyridine-carboxylic acids (excess), stirred well and filtered. On cooling the solution deposited red/reddish brown/brown crystals.
The crystals obtained by the above procedures were filtered, washed with water and dried over fused CaCl2.
The complex, tris(pyridine-2-carboxylato)manganese(III), (A), Mn(Ci3Hi2N306) • H20, was also prepared by the following method. A solution of potassium permanganate was heated with a large excess of pyridine-2-carboxylic acid and filtered as above. The filtrate deposited deep-red shining crystals on cooling.
The other two complexes (B), Mn(Ci4H7N208) • 2 H20 and (C), Mn(Ci6H7N20i2) • 2 H20 were also prepared from the complex (A). The complex (A) was added to a hot aqueous solution of a slight excess of the respective pyridine-carboxylic acids, the red solution obtained was filtered hot and gradually cooled to room temperature. The compounds separated as reddish brown/brown granular solids.
Analyses and physicochemical measurements
Mn was analysed by the usual procedure whereas, nitrogen was estimated by semi-micro Dumas' method. Analyses of C, H were performed by the Microanalytical Laboratory of our institute. Analytical data together with the colour of the complexes were tabulated in Table I . Magnetic susceptibility measurements were carried out on a Gouy balance at 298 K taking mercuric tetrathiocyanato 
Results and Discussion
The analytical results revealed that in the first compound (A), the metal:ligand ratio was 1:3 whereas, in case of the other two compounds metal:ligand ratio was 1:2. Oxidation state of manganese in each of the above compounds was determined by oxidimetric procedures using both acidified potassium iodide and standard Möhr salt solutions. In all cases it was found to be +3. This conclusion was supported by the magnetic moment values of the chelates (juett. 3.9-4.0 B.M.) recorded at 298 K which are characteristic of high-spin octahedral Mn(III) complexes [9] . Electronic absorption spectra of the complexes exhibited the presence of a broad band in the region 15,990-19,850 cm -1 (corresponding to the transition 5 Eg -^5T2g, with e between 40-60 cm -1 mole -1 ) indicative of a Mn(III) species in an octahedral surrounding [10] .
IR spectra of the ligands showed that both pyridine 2,6-dicarboxylic acid and pyridine-2,4,6-tricarboxylic acid exhibited the -COO stretch as a strong band at 1720-1715 cm -1 region and pyridine-2-carboxylic acid exhibited a strong absorption band at 1710 cm -1 , which is due to the same stretching mode [11, 12] . In the IR spectrum of the first chelate (A) this 1710 cm -1 band is shifted towards lower wave number 1675 cm -1 and is indicative of bonding through the carboxylate moiety [13] . But, in case of the other two chelates the presence of coordinated carboxylate moiety (strong band at 1675-1665 cm -1 ) [13] as well as that of uncoordinated carboxyl moiety (band around 1720-1715 cm -1 ) [14] have been confirmed from their IR spectra. All the complexes exhibited the presence of lattice water in the forms of rather broad bands at 3500-3400 cm -1 due to O-H stretch and at 1630-1600 cm -1 due to HOH bend [15] .
In the IR spectra of all three complexes the two bands at 600-640 cm -1 (in-plane ring deformation) and at 400-415 cm -1 (out-of-plane ring deformation) were shifted to higher frequency region by 20-35 wave numbers and this has been considered as evidence of coordination through the heterocyclic nitrogen [16, 17] . Analytical results, electronic and IR spectral data and room temperature magnetic moment values indicate an octahedral disposition of the donor sites around high-spin Mn(III) ion. All three complexes are remarkably stable even in nearly boiling aqueous solutions and can be recrystallised several times from water without significant decomposition. The complex (A) is the most stable one of the three. A dilute aqueous solution of this complex, in presence of a little extra ligand, is stable for several weeks. It does not decompose on refluxing for hours with alcohols or acetone.
At the end, a very interesting finding may be emphasised upon. All three complexes (A), (B) and (C) have been obtained from Mn02, a tetravalent manganese compound. Again, the compound (A) has also been synthesised from heptavalent manganese by heating KMnC>4 with an aqueous solution of picolinic acid. All of them have also been prepared from Mn(III) compound like Mn(III) acetate and the compound (A). Hence, these three ligands appear to have a special capacity for stabilising the Mn(III) state.
Utilisation of these three Mn(III) chelates as oxidants for effecting oxidation of suitable organic and inorganic substrates are in progress.
